A geographically isolated population of an herbivorous insect (Tortrix viridana, Lepidoptera: Tortricidae) in the Bashkir Transural region and 5 further populations were investigated for genetic variation using eight microsatellite markers. The sample size per population was between 48 and 62 individuals. The genetic variation was higher within the isolated population than within populations in the center of the distribution area. No bottleneck effects were discovered during analyses that could have formatted the gene pool of this population. Balancing or directed selection toward preservation of specific alleles or promotion of heterozygous individuals could be an explanation for the unexpected high genetic diversity within this small and isolated population.
Population structure is the distribution of genotypes in space and time and is the result of both present processes and past history (Hewitt 1999) . During recolonization events after the last ice age, the dispersal of herbivorous insects depended on their hosts. Although insects feeding on grasses or herbs could disperse much faster with their hosts, insect species associated with trees would spread less quickly (Hewitt 1999) . For several tree species today, the shape of the recolonization routes can still be tracked (e.g., Petit et al. 2002) , whereas for the associated insect species, especially for forest pest species with typical fluctuations in the population size, recent dispersal events may have cover up the recolonization tracks. For tree species, data are accumulating that relict stands can persist outside of a species distribution range over long periods of time (Anderson et al. 2006) . Actual data of gene flow into relict populations of insect pest species is missing. Successful external gene flow might provide relict populations (herbivorous insects and their hosts) with the genetic diversity necessary for local adaptation.
The green oak leaf roller Tortrix viridana (Lepidoptera: Tortricidae) is a major pest on oaks throughout Europe. Its defoliating larvae cause severe damage to various species of the genus Quercus (e.g., Hunter 1990 ). This forest pest may be able to disperse across longer distances, for example, Schroeder and Degen (2008) and Schroeder and Scholz (2005) tested for gene flow from some 100 m up to 200 km. But until now, it is not really known how far the green oak leaf roller may disperse. A population of T. viridana in a small isolated oak stand of Quercus robur in the Bashkir Transural region is of great interest for answering the question about long-distance dispersal of insect forest pest species. The isolated oak stand consists of only 7 mature trees and is located eastward from the main species range right within the middle of the mountain steppe zone, eastern from the Ural Mountains (Figure 1) . The next closest known oak occurrence is 30 km to the north near Kuseevo (another known relict stand consisting of 20 mature trees, there is no information available about T. viridana in this oak stand). No further oaks are known east of the Ural Mountains. All other known oak stands are across the Ural Mountains (700-1600 m in height) being 80 km to the southwest and west, 150 km to the northwest, and 300 km to the north.
The oaks of this stand have already been investigated using allozymes (Redkina et al. 2008 ) and simple sequence repeat markers (Buschbom J, Degen B, unpublished data). The T. viridana population of this oak stand has been observed for 3 years only (2003 until 2005) . No earlier observation is mentioned in the literature. This more likely means that nobody observed this oak stand than that the T. viridana population has been established only within the last decade. During the 3 observation years, the green oak leaf roller caused no total defoliation, but the defoliation degree was nearly equal in all years (about 50% leaf loss). This could be an adaptation to the small population size; therefore, we guess that this green oak leaf roller population has a longer history.
Within the present study, we focused on the genetic variation of this isolated population of the green oak leaf roller compared with a population at the Western edge of the Ural Mountains, one population each in Italy and Romania and 2 populations in Western Germany using nuclear microsatellite markers.
Material and Methods

Laboratory Procedure
Two T. viridana populations from Germany (ASB: N 5 56; UEN: N 5 56), 2 populations in Bashkortostan (RUS1, N 5 48 À the population under study, eastern from the Ural Mountains; RUS4, N 5 48, western from the Ural Mountains), one population in Italy (MN: N 5 62), and one population in Romania (BR: N 5 50) were investigated ( Figure 2 ). The geographic distances between the stands are given in Supplementary Appendix 1. Tortrix viridana has been sampled either as larvae from different oaks within the stand within a radius of up to 200 m (ASB, UEN, RUS1) or as adults using pheromone traps which acts within a radius of about 100 m (RUS4, BR, MN).
The DNA of these 320 individuals of the green oak leaf roller was extracted following an ATMAB protocol by Dumolin et al. (1995) with a slight modification: proteinase K (final concentration 0.4 lg/ll) was added to the lysis buffer. Eight microsatellite loci were used with optimized polymerase chain reaction cocktails and protocols as described in Schroeder et al. (2009) . The genotyping was 
Data Analysis
Genetic differentiation among T. viridana populations were calculated as pairwise genetic distances D (Gregorius 1978) , and 5000 permutations were performed to test for significant differences in allele frequencies between populations using the software GDA_NT (Degen 2008) . GDA_NT was further used to calculate the effective number of alleles (diversity V 5 allele diversity 5 1/relative allele frequency (equal to Simpson-Index), Gregorius 1978) within each population and evenness. Arlequin 3.11 (Excoffier et al. 2005 ) was used to estimate observed and expected levels of heterozygosity, significance of deviations from Hardy-Weinberg equilibrium (Exact tests were performed using a burn-in of 50 000 steps and Markov chain Monte Carlo chains of 500 000 steps), and the GarzaWilliamson index for identifying longer lasting bottleneck effects. For inferring recent bottleneck effects, the software BOTTLENECK was used (Cornuet and Luikart 1996) .
To test for correlations between genetic and geographic distances, a Mantel nonparametric test calculator was used performing 10 000 random iterations (Liedloff 1999 ). For such correlation analyses, pairwise comparison of all populations was performed.
Results and Discussion
We found high significant genetic distances (at the 99% significance level) between the populations in Bashkortostan and the other 4 populations. The genetic distance between the 2 German populations is much lower than the genetic distance between the 2 populations in Bashkortostan, although the geographic distance between both pairs of populations is not very different (Figure 2) . So, the Ural Mountains are a barrier to gene flow between the 2 Russian populations of the green oak leaf roller, but not completely.
The genetic distances increase with the geographic distances (Figure 3) , thus with the Mantel test an isolation by distance was proved by a significant result (r 5 0.8274, P 5 0.01). This might be due to reduced levels of gene flow within and among sample sites resulting in a subpopulation structure as ascertained for other lepidopteran species (Salvato et al. 2002; Wahlberg et al. 2002) .
Both the isolated population in Bashkortostan (RUS1) and the Italian population (MN) as well as the second population in the region of Bashkortostan (RUS4) were characterized by a very high genetic variation, clearly higher than the genetic variation within the populations located in the center of the distribution area of T. viridana (ASB, UEN) ( Table 1 ). This result is astonishing because commonly genetic variation decreases at the margins of a distribution area as described for insects (Mendes dos Santos et al. 1999 ). On the other hand, the oaks within this isolated population showed also a high genetic variation (Redkina et al. 2008) . Bottleneck effects could not be a factor for gene pool formation for both the host population and the population of the associated insect as shown by low and not significant Garza-Williamson indices (Table 1) .
Once, this small oak stand may have been part of a larger one with a high population size of the green oak leaf roller. This former population could have been already isolated due Figure 3 . Graph of genetic distance versus geographic distance. An asterisk means a significant difference between the pairs of populations at the 99% significance level. Abbreviations are as in Table 1 (within the brackets): A and U, 2 populations in Germany; B, population in Romania; M, Italian population; R1 and R4, the 2 populations in Bashkortostan. to the Ural Mountains. At the time when the oak stand shrank the green oak leaf roller could not escape to other oak stands because of the absence of further oak stands nearby. Being now a very small population, the typical fluctuations of the insect species are no more present and a very stable population has been formed. Thus, no bottleneck effects form this population, neither long lasting during decreasing of the once larger population nor recent ones during latency periods proved by the high genetic variation within this population (Table 1) . High dispersal ability is indicated as a major cause for high genetic diversity within island populations (Frankham 1997) , but the next oak stand and, therefore, the next known population of the green oak leaf roller, is 30 km away. It is very unlikely that an insect can disperse over such a great distance. Thus, there must be other reasons for the high genetic diversity within this small population. One reason is an overall high genetic diversity within this species shown by the second population in Bashkortostan and the one in Italy. Another one can be a balancing natural selection that promotes the retention of specific alleles as it has been found for Drosophila melanogaster populations (Montgomery et al. 2000) or favoring of heterozygous individuals by selection as argued for an unexpected high heterozygosity in an island mouflon population (Kaeuffer et al. 2007) , respectively.
This high genetic diversity is necessary for local adaptation not only in the investigated relict population but also in isolated populations in general (herbivorous insects and their hosts).
